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IS TRANSACTIONS OF THE KANSAS 



OZONE IN KANSAS ATMOSPHERE. 



By Prof. W. K. Kedzie. 



At the eighth annual meeting of this Academy, I had the pleasure of 
presenting a preliminary paper upon the occurrence of ozone in the atmo- 
sphere of Kansas. At the time of the presentation of that first paper, 
observations upon the subject had extended over a few months only; but 
even for this short period the results obtained were very striking, and com- 
pared very favorably with similar series of observations in Eastern States, 
both as to the constancy and amount of this important element of pure air. 
The results now submitted are those obtained from much more extended 
observation, for two years past, at various stations through the State. 

The vital facts of the nature of ozone, as given at length in that first 
paper, may be briefly summed up as follows : 1st. That ozone was discov- 
ered by Schonbein, of Basle, in 1840, and that it is a condensed allotropic 
form of oxygen, having the formula 0„ and the equivalent 48. 2d. That 
it is produced in our atmosphere : — A, By electricity, both by lightning and 
by silent discharges; B, By all processes of oxidation, whether by rapid 
combustion or slow decay; C, By the evaporation of large bodies of water: 
D, By the process of vegetable growth, in which carbonic acid is decomposed 
in the leaf cells' of the plants, the carbon retained and the oxygen thrown 
out again, always commingled with a trace of ozone. 3d. It was also shown 
that as rapidly as the ozone is produced in our atmosphere it is consumed 
again in the oxidation of all decaying animal and vegetable matter; by 
which means the air around us is maintained pure and free from all the 
offensive and poisonous products of decay. Hence, that around large cities, 
where decaying organic matter is constantly accumulating, ozone is only 
found in minute traces, while in the free air of the country it frequently 
exists in very appreciable quantities. It is also more abundant in winter 
than in summer, as during cold weather all process of decay and oxidation, 
by which ozone is consumed, are at a standstill. Generally, too, ozone is 
more abundant during the night than through the day, though this rule is 
by no means invariable, and during warm weather the condition is reversed 
altogether. 4th. It was finally shown from comparative records embracing 
the months from January to August, 1875, that the indications of ozone are 
much more abundant and strongly marked in the atmosphere of Kansas 
than in that of many of the States further east. 

Since the presentation of this first paper, no further investigations 
have thrown any new light upon the general nature of ozone, except some 
exceedingly interesting results recently obtained by M. Berthelot, and pre- 
sented by him in an article in the February number of the "Annales de 
Chimie et de Physique," for the present year. M. Berthelot has, by a 
number of very beautiful experiments, here shown that whenever ozone is 
formed by the action of the electric current upon oxygen, heat is absorbed; 
which heat is given out again when the ozone expends itself in the process 
of oxidation of other bodies. This fact, it is claimed by Berthelot, explains 
its superior activity to that of ordinary oxygen. 

For the purpose of more fully investigating the occurrence of ozone in 
the atmosphere of Kansas, it was proposed that to any member of this 
Academy who would lend his assistance in conducting carefullv recorded 



ACADEMY OF SCIENCE. 19 



observations there would be furnished gratis, blanks, test paper and color 
scales. This offer met with a most generous response, not only from mem- 
bers of this society, but from many other interested observers in distant 
parts of the United States. I have been under special obligation, the past 
year, to the kind assistance of the following gentlemen: Mr. B. B. Smyth, 
of Ellinwood, Barton county ; Prof. John B. Dunbar, of Washburn College ; 
Dr. A. H. Thompson, of Topeka; Messrs. J. H. Long and W. H. Carruth, of 
Lawrence; and L'Abbe Victor A. Huart, of the Seminary of Chicoutimi, 
Canada. Correspondence has also been opened with other observers too 
numerous to be enumerated here. The State Medical Society of Kansas 
was also, at the outset, quite disposed to lend its assistance in prosecuting 
this investigation, until some of its officers conceived the erroneous idea 
that the matter had already been made the subject of a report by the Ameri- 
can Medical Association, and, of course, to further discuss any problem 
upon which so august a body had already passed, was quite out of the 
question ! That such an impressian was entirely unfounded is evident from 
the following letter: 

Philadelphia, October 6, 1876. 
Prof. Wm. K. Kedzie, 

Dear Sir: The only consideration of Ozone is an attempt to have its 
amount in the atmosphere noted and published by the Signal Service 
Bureau. This was a resolution attached to a report in 1875, by Dr. N. S. 
Davis, of Chicago. 

Truly yours, 

Wm. B. Atkinson, 
Permanent Secretary American Medical Association. 

The doctors of the State need therefore have had no fear that in giv- 
ing this matter attention, they would have been guilty of rehearsing an old 
subject. The test adopted in our observations, has been that known as the 
"Iodized Starch Paper" test, devised by Schonbein. Ten parts of starch 
are boiled in 200 parts of distilled water, to which, when cold, one part of 
potassium iodide is added. This is applied with a fine water brush to 
strips of unsized paper, which must be dried and preserved in the dark. 
When small strips of this paper are exposed to the atmosphere, if ozone be 
present, it will at once decompose the potassium iodide, setting free the 
iodine, which in turn combines with the starch, forming an intensely blue 
compound, at once apparent upon plunging the paper into water. The 
degree to which the paper is colored thus affords a very fair evidence of 
the quantity of ozone present in the atmosphere at that time; and may be 
recorded by comparing it with the color scale, — a scale of color bands upon 
paper, numbered from one to ten, and varying from the faintest to the 
deepest blue. The number of the color band to which the paper most nearly 
corresponds, is then entered in the record as the result of that observation. 
It is important that the test paper should be exposed to the air in a shelt- 
ered situation, protected both from strong wind and from direct sunlight, 
though freely exposed to the air and to diffused daylight. This color test 
of Schonbein is very far from being perfectly satisfactory in its operation 
or results. It is arbitrary, and indicates only the relative quantity of ozone 
present in the atmosphere; but it possesses the great advantages of being 
simple and easily comprehended, and is undoubtedly by far the best for 
use among general observers. Two series of observations have been con- 
ducted: First, the "Day observation," in which the paper is exposed from 
seven A. M. to two P. M. Second, the "Night observation," embracing an 
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exposure from nine P. M. to seven A. M. The results of these observations 
have been recorded on blanks printed for the purpose, which have been 
regularly forwarded to me at the close of each month, the results being 
carefully tabulated. I have been under many obligations to Dr. H. B. 
Baker, Secretary of the Michigan State Board of Health, for the loan of 
similar records of observations taken at typical stations in that State. A 
comparison of these records results, as already stated, very favorably to 
the atmosphere of Kansas, both in the amount of ozone present, but especi- 
ally in the high averages of the spring and summer months. These changes 
in the quantity of atmospheric ozone, during the different seasons of the 
year, nowhere appear so strikingly as when presented in diagrams. For 
the purpose of exhibiting these changes, I have constructed a diagram for 
four of the Kansas stations, in which, by a broken dotted line for the 
"Day observations," and a dark line for the "Night observations," the 
variations in amount of ozone in our atmosphere are vividly shown for each 
month throughout the year. 

These diagrams show finely the general characteristics of ozone rec- 
ords, Viz : the superiority of the night observations over those for the day, 
except during the warm summer months, when the condition is usually 
reversed; and the gradual fall of the quantities registered, from a high 
mean during the winter months to a comparatively low condition during 
summer, followed by a rise again with the approach of the succeeding win- 
ter. But the important feature already mentioned in the relatively large 
quantity of ozone indicated by some of our stations during the spring and 
summer months, is shown with especial prominence on comparing these 
diagrams with the records of Eastern stations. Each of these diagrams 
will well repay individual attention and study. The observations at Law- 
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rence under the charge of Mr. Long, are chiefly remarkable for the fact 
that the night records maintain their superiority over those of the day 
only to the month of May, when they at once drop below the day results, 
and remain below them throughout the year, with the exception of a slight 
rise during the latter part of July and the first of August. The night rec- 
ords attain their highest mean, 4.77, during March, and their lowest, .56, 
in September. The day records present their highest mean, 3.20, in May, 
and their lowest, .76, in September. These minimum results are the lowest 
obtained in the State. Mr. Long has prepared his own iodized paper, and 
his observations have been conducted in the city of Lawrence, near the foot 
of University Hill, upon a street largely populated by colored people. These 
records are now under charge of Mr. W..H. Carruth, who has transferred 
his base of observation to a much higher locality, nearly upon the same 
level with the University, where he has obtained quite startling results. 
For the month of May, for example, he has obtained a maximum of 10 
(highest on the scale) for both day and night records, with a mean for the 
month of 5.30 for the day and 5.55 for the night. The records of the sta- 
tion at Ellinwood have been conducted by Mr. B. B. Smyth, beginning with 
June, 1876. They are characterized throughout by a uniformly high aver- 
age. The night records almost invariably far exceed those of the day. The 
highest mean of the night records is reached in March, 1877, 5.85; the 
lowest in February, 1877, 3.65. The day records attain their highest mean 
in April, 1877, 5.37; their lowest in August, 1876, 2.27. These results 
would seem to indicate a greater quantity of ozone in the higher regions of 
Western Kansas than in that of its lower eastern border. The observations 
at Washburn College, Topeka, have been under the charge of Prof. John B. 
Dunbar. They were begun in April, 1876, and are chiefly remarkable for 
their great uniformity throughout the year, and for the alternate superi- 
ority of the day and night records. I have never in my experience seen 
records varying so little in their results. The highest mean for the night 
is in June, 1876, 2.08 ; the lowest in October, 1876, .97. For the day records 
the highest mean is reached in May, 1876, and February, 1877, 2.18; the 
lowest in November, 1876, 1.18. Among the most interesting results ob- 
tained were those by Dr. A. H. Thompson, of the city of Topeka. Dr. 
Thompson's place of observation was adjacent to the A., T. & S. F. Kail- 
way depot, with the bulk of the city lying south and west and north. The 
prevailing winds of this locality thus brought foul air from almost every 
direction, and, as a natural result, scarcely a trace of ozone could be detect- 
ed. This result was due both to the presence of organic impurities with 
which the atmosphere was loaded, and also to the sulphurous acids in the 
coal smoke of the railway which would instantly destroy whatever color 
might have been imparted to the test paper. This powerful bleaching effect 
of sulphurous acid may be easily shown experimentally by holding a test 
paper, turned a deep blue by the action of ozone, near a freshly lighted 
sulphur match, when the color will instantly vanish. Observations taken 
in other portions of the city by both Dr. Thompson and Prof. Thomas, 
furnish somewhat higher results. The records of Manhattan under my 
own supervision show for the past year somewhat lower results than those 
obtained in 1874-5. Upon examining the diagram the somewhat singular 
fact is noticed, that from January to June the night records exceed the day ; 
and from June to December the day records exceed the night in about equal 
amounts in each case. The highest mean for the night observations is 
reached in March, 5.65; the lowest in August, 1.10. For the day records 
the highest mean appears in December, 5.03 ; the lowest in August, 1.30. It 
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was the intention in organizing these series of observations, to study and 
record with great care all phenomena in connection with ozone which might 
in any manner assist ns in ascertaining its relations, if any exist, to health 
and disease. Observers were requested to specially notice and record ' ' any 
apparent connection between the abundance or deficiency of ozone, and 
the prevalence or absence of any given disease ; or any influence observed 
in modifying the types of such diseases." But it is quite needless to state 
that the failure of promised co-operation has prevented any investigation 
of this very interesting question, which eminent medical authorities in 
Eastern States have considered well worth their attention and study. Until 
an abundance of such data shall accumulate, any attempt at discussion of 
the relations of ozone to health and disease, will prove, from necessity, 
fruitless and unsatisfactory. There are not wanting, to be sure, persons 
whose opinions upon this question are very positive and very emphatically 
expressed — as those of the superficially minded usually are. Such may be 
readily ' classified under two heads. First, those who look upon ozone as 
nature's great specific — the universal cure for all ills to which frail human 
flesh is heir. Second, those, who after a slight and trivial examination of 
the subject, have failed to arrive at any conclusions, satisfactory to them- 
selves, and hence ridicule the suspected relations of ozone to health and 
disease, as visionary hullucinations. The testimony of both these classes of 
' ' thinkers, " is of about equal worth. The arguments of both smack strong- 
ly of "personal conviction;" their conclusions are wholly without any 
foundation in fact, and hence are utterly and completely valueless. What 
is wanted to-day, above all things else, is calm, unprejudiced, unimpassioned 
observation and study of accumulated facts. Our present knowledge of the 
relations of ozone to the laws of health, is, at best, of very general nature 
only. We know that while ozone is a constant and normal ingredient of 
pure air, that the amount present at any one time is always very minute — ■ 
never over one part in 450,000 by weight. On the other hand, ozone can 
not exist in foul air. laden with organic effluvia, and there are many observ- 
ations which have shown either its entire absence or presence in very min- 
ute quantity during the prevalence of certain types of epidemics, though 
its relations to zymotic diseases is by no means yet clearly established. 
Ozone is also a most vigorous disinfectant ; and one of the most simple and 
beautiful methods recommended of purifying the air of a iiek room, is by 
use of the well-known flameless or " aphlogistie " lamp, which in its slow 
combustion, continuously generates a small supply or ozone. This lamp 
is easily constructed, by placing a small piece of platinum sponge, or a 
small coil of fine platinum wire even, upon the wick of a common alcohol 
lamp, partially surrounding it with the fibers of the wick; lighting the 
lamp and then cautiously blowing it out, when the metallic mass will con- 
tinue glowing at a red heat for several hours from the slow combustion of 
the alcohol, in which process a minute quantity of ozone is liberated. On 
the other hand, it is well known that air containing an excess of ozone can 
not be respired, and is fatal to animal life. When present in much greater 
than average quantity in our atmosphere, ozone almost invariably produces 
violent bronchial and catarrhal troubles among persons susceptible to these 
difficulties. This coincidence I have noticed repeatedly in this State. In 
an exceedingly interesting address delivered in 1875, by the President of 
the State Medical Society of Michigan, some very interesting experiments 
are given, tending to prove that sunlight itself, acting on organic matter in 
the presence of free oxygen, is a powerful generator of ozone. Slips of 
iodized paper were exposed to bright sunlight in jars of carbonic acid, 
hydrogen and nitrogen gases for days, without undergoing the slightest 
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coloration. The same result was obtained when a slip was exposed in the 
same manner between tightly sealed plates of glass. But when the glass 
was cracked, to allow the access of atmospheric oxygen in the presence of 
sunlight, the paper slip became perceptibly colored in a few hours. Thus 
is suggested a very interesting explanation of the well-known importance 
of the access of an abundance of bright sunshine, for pure air and good 
health within our homes. All these fragmentary facts show what a fascinat- 
ing field for study and investigation lies within our easy reach; and when 
we add to all this the peculiar importance which attaches to this subject in 
our own State, our attention is awakened with redoubled interest. These 
carefully recorded observations in progress for the two years past have 
established beyond a doubt, the existence of a liberal quantity of ozone in 
Kansas atmosphere. The universally healthful character of the climate of 
the State, is so widely known a fact as to need no comment here. And in 
addition to our almost absolute freedom from epidemic diseases of every 
character, our State is just now attracting very general attention as a desir- 
able resort for consumptive patients. Sufferers unable to endure the rare 
atmosphere of the higher regions of Colorado, now frequently find return- 
ing health by a protracted residence in Kansas. Has the ozone of our 
atmosphere any connection with this fact 1 is an inquiry not infrequently 
addressed me by interested physicians from the East — to whom a satisfac- 
tory answer can be given only after long study and extended observation. 
In view of all the interesting features of this attractive theme, I can con- 
ceive of no more promising a subject of study than this of the offices of the 
ozone of our atmosphere in health and disease. Such an investigation may 
not, to be sure, either lighten our taxes or increase the value of our farm 
products. But it will be the means of revealing to us more fully an accurate 
knowledge of the wonderful resources with which nature has endowed us 
as a State ; upon which, after all, rests the foundation stone of our material 
prosperity. 



ON SOUND TRANSMISSION BY ELECTRICITY. 



By Prof. J. T. Lovewell, Washburn College, Topeka. 



Two years ago a Boston teacher of vocal culture astonished the world 
by exhibiting at Philadelphia an instrument by which a person, talking, 
singing or making any sound at one extremity of an electric circuit, might 
have the same words and tones faithfully reproduced at the other extremity. 

At that time few people knew that this subtle agent, electricity, could 
be employed in the transmission of sound, though this thing had been done 
many years previously. 

In 1837, Prof. Chas. Grafton Page, for many years an Examiner in the 
Patent Office, utilizing Prof. Henry's discoveries, succeeded in producing 
what he termed "galvanic music." This phenomenon at once attracted 
the attention of the scientific men, and, among others, the French electri- 
cian, De la Rive, investigated the subject with great care in 1843. Nothing 
came of these researches, except to add another laboratory experiment illus- 
trating the physical principles of electricity. 

In all these cases the sound transmitted was first produced by the 



